1. Introduction
===============

The health information technology practices promoted by electronic medical records (EMRs) improve healthcare efficiency and promote patient safety.^\[[@R1]\]^ According to a meta-analysis, the adoption of EMRs leads to better adherence to clinical guidelines, fewer medication errors and fewer adverse drug reactions but has no significant effect on mortality.^\[[@R2]\]^ The full implementation of EMRs improves healthcare quality,^\[[@R3]\]^ but a recent population-based study showed conflicting results and the lack of associations between the adoption of EMRs and improvement in inpatient mortality, readmissions, and patient safety indicators after adjusting for patient and hospital factors.^\[[@R4]\]^

The widespread implementation of EMRs is likely to have a significant impact on the quality of medical records in surgical settings.^\[[@R5]\]^ Those involved in public health should combine their efforts in interoperability projects to ensure that EMRs are both fully adopted and fully interoperable, which could greatly increase the availability, accuracy, and comprehensiveness of data across the country and enhance benchmarking and disease surveillance/prevention capabilities.^\[[@R6]\]^ EMRs can improve healthcare productivity and efficiency, leading to better public health outcomes. High-quality EMR applications in health care are used as decision-support tools to minimize medical errors.^\[[@R7]\]^ EMRs with Health Information Technology have the potential to reduce medical costs.^\[[@R8],[@R9]\]^

Although EMRs are superior to paper-based health records in terms of process and structure, in terms of quantity and content quality, paper-based records have been shown to be superior to EMRs in the nursing setting.^\[[@R10]\]^ A lack of improvement in pediatric healthcare quality, more medical errors, a lack of adherence to guidelines related to chronic illnesses, and decreased communication with other providers were observed after the implementation of EMRs (2016 compared with 2012) in a recent study.^\[[@R11]\]^ Minimal or no improvement was observed after implementing EMRs for preventive health and chronic illness in family medicine.^\[[@R12]\]^ No independent associations between patient pain perception scores and documented pain assessments or nutritional disorder screening results were reported.^\[[@R13]\]^

The government began planning the National Health Informatics Project in Taiwan in 2004. The government plays a leading role in the development of the national health information system and promotion of the implementation of important infrastructure needed for EMRs. With the development of EMRs, the medical operating environment has changed, especially in the fields of data integration and information dissemination, and EMRs have been widely applied to promote medical team communication, physician-patient communication and the prevention of medical errors.^\[[@R12],[@R14]--[@R18]\]^

Tri-Service General Hospital is a medical center in northern Taiwan that cooperated with the government to promote the establishment of EMRs. Since 2009, EMRs have been implemented in 4 stages.

The first stage occurred from 2009 to 2014 and focused on commonly used medical imaging examination reports and outpatient medical records, while inpatient EMRs were limited to discharge and nursing records, and the remaining inpatient medical records were still recorded on paper due to issues related to EMR stability and incomplete privacy protection measures. Overall, paperless records were not implemented during the first phase. The second phase occurred from 2015 to 2016 and mainly added laboratory inspection reports and emergency medical records to the EMRs. Inpatient medical records recorded electronically were related to admission, progress and discharge and were mainly based on single sheets used by doctors while caring for patients; partial EMRs were gradually implemented with paperless work records and signatures.

During the third phase, which occurred from 2017 to 2018, specific disposal, specialist inspection forms and team-based care integration forms were developed. More than 80% of the medical records were integrated into the system, and most paperwork was reduced.

The fourth phase is nearly completed and involved the inclusion of various types of equipment inspection reports, limitation of access to the EMR system, the conversion of consent letters, certificates, medical consultation plans and medical forms into paperless format, and the implementation of a completely paperless medical work environment that supports big data management and the use of artificial intelligence in medical research.

The process of implementing EMRs is slow and complicated and requires consideration of the process necessary for personnel to learn and master the complete information system. Meanwhile, healthcare quality is the result of a combination of structures, processes and outcomes, and the characteristics of physicians and patients directly affect the outcomes. Past research concerning the quality of healthcare has largely ignored the facts that EMRs comprise hundreds of individual medical records and that different sequences of EMR implementation have different effects on the behaviors of various medical personnel, the timing of the recording of the data, and the speed and complexity of the import process.^\[[@R19]\]^ Furthermore, there are still inconsistent results regarding the association between the implementation of EMRs and improvements in healthcare quality, including at various hospital levels. No significant correlations have been found between the degree of EMR implementation and the rates of mortality, readmission, and complications.^\[[@R4]\]^ In patients with illnesses of average severity, the implementation of EMRs did not lead to reduced mortality; however, there was a decrease in mortality of 1 in 100 patients with severe illnesses.^\[[@R20]\]^

Therefore, this study explored the history of EMRs in a single medical center and investigated the impacts on the risk of inpatient mortality, readmission within 14 days, and 48-hour postoperative mortality. We assessed the association between the implementation of EMRs and healthcare quality.

2. Methods
==========

2.1. Data source and study population
-------------------------------------

The medical records of inpatients discharged from Tri-Service General Hospital were collected from 2013 to 2018. To reduce differences in the level of familiarity of physicians with EMRs, physicians who continually practiced in hospitals between 2013 and 2018 were included.

The 14-day readmission data were obtained from a discharge dataset of patients with the same diagnosis based on comparing the discharged date of the index admission with the admission date of the following admission within a 14-day period. The death within 48 hours after operation data was assessed from a discharge dataset to compare the mortality date and operation date within a 2-day period.

Patients with repeat admissions who were serviced by discontinued service physicians were excluded. The variables assessed in this study included the basic demographic data of the patients (sex and age), their hospitalization characteristics (department, physician, and length of stay), and adverse events (mortality, discharge against medical advice, readmission for the same disease within 14 days, and death within 48 hours after an operation). The inpatient mortality, 14-day readmission for the same disease, and 48-hour postoperative mortality data were assessed as indicators of healthcare quality in this study. The study was approved by TSGH IRB 1-108-05-179.

2.2. Statistical analysis
-------------------------

A descriptive statistical analysis was performed; the categorical variables, including the patients' sex, medical department, and discharge status, are presented as counts and percentages, while the continuous data, including age and length of stay, are presented as the mean and standard deviation. The data were stratified by the EMR utilization stage. The differences in each variable by stage were determined by a X^2^ test and 1-way ANOVA. Statistical significance was defined as *P* \< .05.

Univariate analyses were performed to analyze inpatient mortality, 14-day readmission and 48-hour postoperative mortality according to EMR utilization. To adjust for the effects of sex, age, and physician on the medical outcomes, we performed a multivariate Cox proportional hazards regression analysis to assess the risk of patient outcomes in all medical and surgical settings. The statistical software used in this study was IBM SPSS Statistics Version 22 (IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp., released 2013).

3. Results
==========

There were 262,569 hospitalizations, including 79,252 patients during the period of no EMRs, 90,386 patients during the partial EMR period and 92,931 patients during the full EMR period. A flow chart is presented in Figure [1](#F1){ref-type="fig"}.

![The flowchart of this study.](medi-99-e21182-g001){#F1}

Of the total patient population, 49.32% were admitted to medical departments, 33.99% were admitted to surgical departments, 7.35% were admitted to the gynecology and obstetrics department, 2.5% were admitted to the pediatric department, and 6.84% were admitted to other departments. The average length of stay was 6.7 days. The inpatient mortality rate was 3.17%, the rate of readmission within 14 days was 1.72%, and the mortality rate within 48 hours after an operation was 0.051%.

Compared with the stage of no EMR, during the full EMR stage, there was a higher proportion of older patients, higher proportions of surgical and pediatric admissions, lower proportions of medical and obstetrics and gynecology admissions, shorter lengths of stay, and a lower mortality rate. Compared with the stage of no EMR, the partial EMR phase had a higher 14-day readmission rate. Compared with the stage of no EMR, both the full and partial EMR stages had more female patients (Table [1](#T1){ref-type="table"}).

###### 

Demographic and clinical characteristics in this study.
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We only investigated the medical and surgical admissions because there were fewer events in the other departments. Compared with the stage of no EMR, the partial EMR stage had a higher risk of readmission within 14 days for the same disease (adjusted HR 1.387, 95% confidence interval \[C.I.\]: 1.298--1.485, *P* \< .001, 1.266 (95% C.I.: 1.171--1.370, *P* \< .001 in the medical setting and 1.878, 95% C.I.: 1.581--2.231, *P* \< .001 in the surgical setting). Compared with the stage of no EMR, the full EMR stage had a significantly lower risk of inpatient mortality (adjusted HR 0.947, 95% C.I.: 0.897--0.999, *P* = .049) and a significantly lower risk of readmission for the same disease within 14 days (adjusted HR 0.627, 95% C.I.: 0.577--0.681, *P* \< .001). There was a lower risk of readmission (adjusted HR 0.590, 95% C.I.: 0.537--0.649, *P* \< .001) in the medical setting and a lower risk of 48-hour postoperative mortality (adjusted HR 0.372, 95% C.I.: 0.208--0.665, *P* = .001) in the surgical setting (Table [2](#T2){ref-type="table"}).

###### 

Relationship of patient\'s outcomes according different adopted stage of electronic medical records status compared with no electronic medical records stage.
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The hierarchical analysis is shown in Table [3](#T3){ref-type="table"}. Most patients and older patients were admitted to the medical setting. There were more males in the medical and surgical settings. The 14-day readmission rate increased in the medical, surgical and gynecology and obstetrics settings during the partial EMR stage. The length of stay was reduced in the medical setting but increased in the surgical and gynecology and obstetrics settings during the full EMR stage.

###### 

Demographic and clinical characteristics stratified by different departments.
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4. Discussion
=============

Our study found that the inpatient mortality rate and 14-day readmission rate during the full EMR stage were reduced compared with those during the no EMR stage. The postoperative 48-hour mortality rate of the surgical patients decreased during the full EMR stage. The risk of 14-day readmission during the partial EMR period was higher than that during the no EMR period. The development and application of EMRs resulted in significant benefits in terms of healthcare quality in our study. The full EMR completion stage displayed positive effects.

The mechanisms by which EMRs improve healthcare quality include reduction in medication errors due to the use of a clinical decision system, improved clinical communication, improved information management leading to better treatment decisions and shared data, leading to reduced information fragmentation.^\[[@R21]\]^

This study investigated the impact of the degree of EMR utilization on healthcare quality. The first stage of EMR implementation involved outpatient and nurse records. The inpatient records were still kept on paper. Information transmission and communication among medical professionals were still based on paper records. The first stage had a minimal impact on medical record keeping by doctors. In a past study, there was no improvement in the quality of the nurse and outpatient family medicine records with the implementation of EMRs.^\[[@R10],[@R12]\]^ This study showed a similar result.

The second phase mainly involved the integration of paperless work records and signatures; during this stage, doctors were required to be familiar with the use of EMRs and the storage of records in the information system. As before, all paper medical records were collected and recorded. The transmission of information was scattered and incomplete. It was difficult for the medical staff to find patient information in the different interfaces. It was difficult to integrate the data across media, resulting in confusion. Therefore, the healthcare quality was reduced during this transitional period. During this stage, the physicians were required to instantly record the patients' conditions and adopt new medical rules with additional complexity in the clinical setting. Converting to EMRs was time consuming and interfered with patient care.^\[[@R22]\]^ EMR implementation may actually increase the duration of clinical pediatric visits.^\[[@R23]\]^ A past study found a weekend decline in the intensity of care by using EMR interactions as a global measure of intensity. This finding was associated with the length of stay but not in-hospital mortality.^\[[@R24]\]^ In previous studies, the weekend effects of EMR adoption were found to be related to the performance of general surgery procedures in emergency departments with fewer residents and higher workloads.^\[[@R25]\]^ The 14-day readmission rate increased due to changes in the behavior of doctors and the burden imposed by the transition to EMRs. The transition to EMRs needs to be facilitated by adequate education and training to reduce the gap in healthcare quality.

A past survey of medical providers found that the adoption of EMRs led to improvements in healthcare.^\[[@R3]\]^ During the full EMR stage, the medical records are integrated into the system, making it easier to query medical records and deliver information. The transfer of information in team-based care is more immediate, and most paperwork is reduced. During this stage, the rates of inpatient mortality and 14-day readmission were significantly reduced. In addition, the development of EMRs for surgery and anesthesia were completed during this period, and the corresponding results showed that the risk of postoperative mortality was also significantly reduced.

The 14-day readmission rate and length of stay were reduced in the medical setting. However, the 14-day readmission rate was reduced, but the length of stay was increased in the surgical and gynecology and obstetrics settings. A potential reason is that patients receiving surgery stay longer to confirm their full recovery and avoid readmission.

There was no improvement in the pediatric healthcare quality according to a survey of pediatricians inquiring about EMRs; in a recent study, pediatricians reported that they spent more time documenting care in EMRs, resulting in a delay in the implementation of direct messaging during care transitions.^\[[@R11]\]^ Our study yielded similar results with a crude odds ratio of 1.80 (95% C.I.: 0.59--5.52, *P* = .305) for inpatient mortality and 0.48 (95% C.I.: 0.17--1.33, *P* = .16) for the 14-day readmission rate. A potential reason is that the conditions of pediatric patients are more variable and complicated.

There were inconclusive effects on healthcare quality after the introduction of EMRs.^\[[@R2],[@R4]\]^ A past study found that EMRs led to reduced mortality in patients with severe illnesses.^\[[@R20]\]^ Readmission was reduced after the implementation of EMRs.^\[[@R26]\]^ Appropriate training on EMR use may help healthcare professionals cope with the increased level of complexity. The standards for interoperability need to continue to progress. This study found significantly reduced mortality and 14-day readmission rates after the full implementation of EMRs. Our study reviewed inpatient data from a single medical center with more severe patient conditions and a higher than average mixed case index (approximately 1.25) in Taiwan, and the physicians closely followed the treatment guidelines. The patients' care facility did not change in the following periods. These findings could encourage hospitals to adopt EMRs to improve patient care.

5. Limitations
==============

There were some limitations in our study. First, this study is a 6-year observational study in a single medical institution; the results may be influenced by health policies, hospital management strategies, and emerging medical technologies during the study periods. Diagnostic related groups (DRGs) began in 2010, and phase 2 was expected to start in 2014 with the adoption of the package payment by the Health Insurance Agency. DRG payments have a long-term impact on the medical resource management and healthcare quality management of medical institutions. There was a 10% decrease in the length of stay but no significant change in health outcomes after implementing DRGs.^\[[@R27]\]^ According to the survey data of the Health Insurance Department, there was an increased 14-day readmission rate during the initial implementation period. Determining the extent to which EMRs affected the rate of readmission is challenging. The DRG proportion was one-half of all admissions (50%), which may have led to an underestimation of the EMR benefits in this study.

Second, the healthcare quality was only assessed based on inpatient mortality, readmission, and postoperative mortality rates in this study. This study also provided limited information regarding patient treatment courses and readmission to other hospitals with underestimation. Other parameters of healthcare need to be considered in the future.

Third, this study surveyed a single Taiwanese medical institution. Past studies included multiple institutions, different treatment courses, and different levels of hospitals; the facility level and patient severity affect patient outcomes. A previous study found a higher ischemic stroke risk following sepsis in local hospitals than medical centers.^\[[@R28]\]^ We designed a study in a single medical center to achieve a fixed effect. Physicians must be aware of the domains and function of EMRs to improve healthcare quality. A prospective study with multiple levels of medical units is needed in the future.

Fourth, healthcare quality may be impacted by physicians' experiences; future studies should survey the relationship between physician experiences and healthcare outcomes. One study surveyed the accuracy of the diagnosis of neoplastic colon polyps by senior and junior attending physicians of more than 5 years of experience and showed no significant difference (90.5% vs 87%, *P* = .18) in our hospital.^\[[@R29]\]^ However, the medical care in our medical center closely followed medical guidelines, and EMR adoption was a new experience for all physicians during the study periods. This study suggests that a potential association exists between EMR use and healthcare outcomes.

6. Conclusion
=============

This study found a potential association between the levels of EMR use and the risk of several outcomes in hospitalized patients in 1 large hospital. Healthcare quality is affected by diverse and complex characteristics. During the process of EMR implementation, appropriate training is needed to decrease the burden on physicians and nurses and preserve efficiency. Therefore, we believe that different levels of EMR adoption contribute to the quality of healthcare. It is necessary to conduct in-depth studies to explore the effectiveness of EMRs.
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